. 1987. Decomposition of woody debris in a regenerating, clear-cut forest in the Southern Appalachians. Can. J. For. . Mass losses were estimated for coarse (>5 cm) and fine (s5 cm) woody debris (CWD and FWD, respectively) during the first 7 years following clear-cutting of a mixed hardwood forest at the Coweeta Hydrologic Laboratory in the Southern Appalachians of North Carolina. Estimates were based on (i) precut forest biomass, (if) volume and density of CWD and mass of FWD at year 1, and (Hi) wood density changes of CWD by year 6 and mass changes of FWD by year 7. Mass estimates of CWD at years 0,1, and 6 were 91.2,74.8, and 53.0 Mg/ha, respectively. Mass estimates of FWD at years 0,1, and 7 were 30.3, 21.3, and 7.8 Mg/ha, respectively. Decay constants (k) for mass losses were relatively high compared with other studies of wood decomposition, 0.083 and 0.185 year" 1 for CWD and FWD, respectively, and 0.108 year" 1 for total (CWD + FWD) debris. Mass loss of CWD occurred largely through wood density decreases and bark fragmentation. CO 2 -efflux estimates accounted for over 90% of the CWD density loss and for two-thirds (40.4 Mg/ha) of the total debris mass loss. The remaining mass loss of total debris (20.3 Mg/ha) is a source of large, organic matter inputs to the forest floor via solution fluxes and fragmentation of CWD bark and FWD. The large variation in wood-density loss among logs was examined statistically as a function of various decay factors. Density loss varied by more than 10-fold among tree species. Density loss rates were 40% higher in logs on the ground versus those off the ground, 100% higher in logs with observable fungi versus those without fungi, and 40% higher in logs that occurred in plots with south and east aspects versus those in plots with west aspects.
Introduction
While much has been written qualitatively about the decomposition of woody debris (Swift 1978; Harmon et al. 1986 ), less has been done to quantify decomposition rates, describe ratecontrolling factors, or describe carbon flows in an ecosystem context. As such, it is difficult to describe in specific terms how woody debris turnover may influence other forest components such as nutrients and organic matter of the forest floor and soil. However, because of the relatively large mass, woody debris and its turnover are arguably influential in the functioning of natural forests; this influence is enhanced following forest Resent address: Department of Biology, West Virginia University, Morgantown, WV, U.S.A. 26506.
cutting since large amounts of logging residues are typically created (Welch 1974; Craft 1976) .
Decay of woody debris following clear-cutting has been postulated to be a relatively large and rapid flux of CO 2 to the atmosphere (Houghton et al. 1983) . However, studies typically do not differentiate between the flow of carbon to the atmosphere or to the forest floor during decomposition of woody debris. Fragmentation, when quantified, has been found to be an important mechanism of woody residue mass loss (Lambert et al. 1980 ), but solution transfers have almost been totally ignored (cf. Yavitt and Fahey 1985) .
In addition to the above uncertainties, large variation in rates of wood decomposition is observed in both laboratory (Scheffer 1949 ) and field (Graham and Cromack 1982) studies. While decay rates have been quantified by species (Harmon 1982) and positional effects (Barber and Van Lear 1984; Erickson et al. 1985) , most rate-controlling factors of woody debris decomposition have been described largely in qualitative terms (Spaulding and Hansbrough 1944; Aho and Cahill 1984) , and rarely, if ever, have individual logs and associated decay factors been measured through time.
We report the first 7 years of decomposition dynamics of woody debris resulting from clear-cut logging of a forested watershed at the Coweeta Hydrologic Laboratory in the Southem Appalachians. Using measures of precut forest biomass and mass estimates of woody debris following cutting, we document a relatively high rate of woody debris decomposition. By considering measures of CO 2 , solution carbon fluxes, and estimates of fragmentation rates, we demonstrate large carbon fluxes to the forest floor. Finally, we examine the high variation in wood density losses from individual logs as a function of various decay factors. This paper combines three studies. The first quantified precut forest biomass, the second characterized the mass of woody debris during the 1st year following clear-cutting, the third quantified changes in the woody debris pools by years 6 and 7.
Methods

Site description
This study was conducted within the 2185-ha Coweeta Hydrologic Laboratory located in the Southern Appalachian Mountains of North Carolina, NC, U.S. A. (35°04' N, 83°25' W) . Mean rainfall at Coweeta is 1820 mm/year and is evenly distributed throughout all months; mean annual temperature is 12.6°C (Swift et al. 1987) .
The study site was watershed (WS) 7, a 59-ha, south-facing catchment that was clear-cut and logged during 1977. Vegetation before clear-cutting consisted of the following associations: a cove, hardwood-hemlock; a slope, oak-hickory; and a ridge, hardwoodpine (Boring et al. 1981) . In 1975, a survey of 143 biomass plots, each 0.08 ha in size, estimated stem, branch, and leaf biomass as 101.1, 24.2, and 4.4Mg/ha, respectively (W. T. Swank and J. B. Waide, unpublished data). Merchantable logs comprised a relatively small proportion of this biomass; most was left on site to decompose.
Coarse woody debris volume, density, and mass
During the 1st year following clear-cutting (1977-1978) , coarse woody debris, CWD (logs and branches with diameters >5 cm resulting from the logging operations), was measured in 18 4 x 4m plots stratified by the forest type before clear-cutting. All CWD was identified to species (Carya to genus only). End diameters and length of CWD portions lying within the plots were recorded and volume was estimated by assuming the shape approximated the frustrum of a right, circular cone. Disks were cut from representative logs of each species sampled and dried to constant mass at 50°C for density determinations. Disk density was determined by dividing the dry mass by the dry volume. Disk volumes were estimated geometrically by using measures of diameter and length and assuming the shape approximated a cylinder.
The disks used for these Ist-year density estimates included both wood and bark. To separate the processes of bark fragmentation from wood-density loss, wood to total and bark to total density ratios (Appendix) were derived in 1984 using trees felled 6 months earlier on a nearby watershed (Mattson 1986 ). The resulting wood densities using these ratios depended on the particular species but were on the average 5% higher than the total (wood + bark) densities.
In the 6th year following clear-cutting (1983), we located 11 of the 18 plots and resampled CWD. We used only logs that had been previously sampled for density at year 1. Disks were typically cut at least 10 cm inside the ends of the log and varied in length from 3 cm for larger disks to 15 cm for smaller disks. We relocated 88 logs, which originated from 64 trees representing 17 species, which had been previously sampled for density during year 1. These logs are further characterized as part of Table 2 .
Measures of decay factors were made on each log sampled during year 6. In addition to the species identification and dimensional measures made on each log, presence or absence of fungi, roots, and insects or galleries were assessed visually in the field. The percent bark remaining and the percent of the log on the ground were estimated visually. Whether the sampled portion of the log was in the air or on the ground was recorded. Aspect of the CWD plot was determined in the field; elevations were obtained from a topographic map.
Disks collected during year 6 were dried as in year 1, but wood density was determined using a different method we believed to be superior. The volumes were estimated by digitally integrating the end surface areas of the disks using a Tektronix 4956 graphics tablet interfaced with a Tektronix 4056 graphic computing system. The mean area of the disk ends was multiplied by the mean disk length. Repeated volume estimates varied by 1 % hi 8 of 10 trials and were 3% higher than water displacement estimates on sound wood. As in year 1, year 6 density estimates incorporate internal voids owing to small cracks and insect galleries. While no galleries were present in year 1, some were present in year 6 and contributed to density loss.
Masses of CWD by species were calculated for years 0,1, and 6 as the product of volume and density. Wood and bark values were calculated separately. The calculation of mass, sources of data, and assumptions are presented in algorithm form in Fig. 1 ; the data used and the resulting mass estimates are presented in the Appendix. Two simplifying assumptions are discussed. First, we assumed for calculation purposes that bark loss was entirely via fragmentation and bark density remained constant. Possessing fungicidal properties (Hoitink 1980) , bark decomposes more slowly than wood (Allison and Murphy 1962) ; also, by year 6, bark sloughing was advanced but bark-density loss appeared to be slight. Second, wood densities at year 0 were obtained from a variety of literature sources (cf. Mattson 1986) . Within-species wood density typically varies insignificantly between positions within a bole but moderately between trees (Taylor 1979) we expect this variation to be typically less than 10% (Anonymous 1974) .
Fine woody debris mass and density
During year 1, fine woody debris, FWD (branches :£5cm in diameter resulting from the logging operations), was collected in 2.x 2 m plots nested in one comer of each CWD plot. The samples were dried to constant mass at 50°C, classed by diameters of 0-1, 1-3, or 3-5 cm, and weighed. Density was determined for selected pieces in each class by measuring end diameters and length, assuming pieces approximated a cylinder, and dividing volume into dry mass. During year 7 (1984), FWD was sampled using similar collection and laboratory procedures as year 1. Seven plots were thought to be a sufficient sample to characterize the large decrease in the FWD; these plots were each located 3 m upslope of a CWD plot.
For comparison purposes, mass of FWD at year 0 was estimated from the 1975 precut survey as the sum of all branch biomass plus 40% of the biomass in the 2.5-8.9cm (1-3.5 in.) stem-diameter class. Density at year 0 for the three diameter classes of FWD was obtained from dry weight and volume data (D. Abbott, unpublished data) of 50 sticks of Cornusflorida and Quercusprinus cut from live trees growing at Coweeta. We used Abbott's data as estimates of year-0 FWD density for all species since (i) these were the only data available, (ii) the two species were quite similar to each other, and (Hi) these densities showed a strong diameter relationship and were up to 30% higher than the published densities for bolewood.
Calculation of decomposition rates
Decomposition was assumed to follow the negative exponential decay model described by Olsen (1963) . The decomposition rate, expressed as the decay constant, k (year" 1 ), was calculated via linear regression of the negative natural logarithm of the proportion of original mass or density remaining versus time in years. Watershedlevel decomposition rates were calculated for CWD and FWD via changes in the total masses; individual log decomposition rates were calculated via changes in wood density. 
Carbon flux
During years 6 and 7 (1983-1984) , CO 2 efflux from the CWD was measured by NaOH absorption (Anderson 1982) . One 10-cm diameter aluminum cylinder was attached to a randomly chosen CWD surface in each of eight plots. Nineteen measurements were made over a 26-month period. Annual watershed effluxes from the CWD was estimated by calculating the mean CC«2 per measurement, integrating over time, and then extrapolating to the total circumferential surface area of the CWD (estimated to be 0.448 m 2 /m 2 during year 1). CWD solution fluxes of organic carbon were measured during year 7. Nineteen logs were chosen among three species, Quercus coccinea, Acer rubrum, and Robinia pseudoacacia, which reflected a range of decay rates. Uniformly shaped logs were cut to approximately 75-cm lengths and placed on a collector trough of equal length. Polyethyleneplastic sheeting, glued to the edges of the trough and stapled to the logs, provided an apron which ensured that the water passing over and through the logs was collected. Solutions were collected in 24-L plastic carboys containing 0.05 mg of dissolved phenyl mercuric acetate as a preservative. Volumes were measured 16 times over a 15-month period; organic carbon was analyzed in subsamples from the first six measurements between July and December 1983.
Dissolved organic carbon (passing Gelman A-E glass-fiber filters) was determined on a Dohrman Envirotech DC-54 low-level dissolved organic carbon analyzer (Environmental Protection Agency 1983) after appropriate dilutions with distilled water. Paniculate carbon trapped on the filters was calculated by mass loss after ashing divided by two. Mean carbon content (SD, ri) of the paniculate organic matter, determined via a Leco Carbon Analyzer, was 0.507 (0.094, 5).
An annual solution carbon flux was calculated as the product of annual log-leachate depth, projected area of CWD, and mean carbon concentration (dissolved + particulate) of log leachate less canopy throughfall (Mattson 1986 ). Annual log-leachate depth was estimated to be 136cm (Mattson 1986 ) during September 1983 to September 1984 (precipitation for the same period was 195 cm). The projected area of CWD during year 1 was estimated to be 0.1425m 2 /m 2 of watershed area.
Statistical analyses of wood density loss
Factors affecting the rate of wood density loss for individual logs were examined statistically using SAS procedures (SAS Institute Inc. 1982) . Sources of variation in fc across the logs were examined as functions of the decay factors described earlier.
Departures from normality in the distributions of k within any classification were examined via a Shapiro-Wilks test of the UNI-VARIATE procedure of SAS; homoscedasticity was assumed if no trend was apparent in plots of variance versus mean for variables to be compared. Most two-level classifications of k (i.e., ground vs. aerial, fungi vs. no fungi, etc.) were judged to be nonnormal (a = 0.05) and Wilcoxon rank-sum tests were used via the NPAR!WAY procedure of SAS. Data transformations were performed where needed to correct for heteroscedasticity. Square-root transformations were performed to examine species differences; In transformations were performed to examine plot differences (Zar 1974) . Analyses of variance (ANOVA) for unbalanced data sets and regression analyses were made via the GLM procedure of S AS. All effects were judged to be significant at a = 0.10 unless otherwise stated.
Results
Decomposition rates ofCWD and FWD
Wood density of the CWD pieces declined rapidly over the measurement period. The mean (SD, n) wood density was 0.649 (0.103, 88), 0.538 (0.137, 83), and 0.415 (0.146, 86) g/cm 3 for years 0, 1, and 6, respectively. The dispersion of densities and the general decrease through time are shown in Fig. 2 . Nonnormality and increasing dispersion in the distribution of density with time are evident. The bimodal shape of the year 0 distribution is due to using single values for density for a species combined with a high frequency of Acer, Kalmia, and Q. coccinea (densities = 0.56, 0.72, and 0.72 g/cm 3 , respectively). The increase in variation in wood density through time is probably caused by temporal variation in colonization rates and spatial variation in environmental effects both operating on species with varying substrate qualities.
Estimates of total (wood + bark) CWD mass for years 0,1, and 6 were 91.2, 74.8, and 53.1 Mg/ha, respectively (Appendix). The decomposition rate of CWD mass was 0.083 year" 1 (r 2 = 0.96). Wood-mass loss (excluding bark) of CWD was 0.077 year" 1 (r 2 = 0.91). Wood-mass losses were due entirely to density losses since no wood fragmentation was assumed in the calculations.
Percent CWD bark remaining was highly variable among species, ranging from 0 to 100% (Appendix). Fifty-three percent of the bark mass had sloughed by year 6, equal to a 5.7 Mg/ha loss. Since bark comprised only 11.8% of the total CWD mass, loss by bark sloughing by year 6 represented only 6% of the total CWD mass.
FWD mass was 21.3 and 7.8 Mg/ha for years 1 and 7, respectively; losses between the 2 years were greater in smaller diameter classes (Fig. 3) . The precut estimate for equivalent size wood was 30.3 Mg/ha and provided the estimate of year 0 FWD mass. Using these mass estimates, the decomposition rate of FWD mass was 0.185 year" 1 (r 2 = 0.99). Density loss of the FWD was slightly higher than density loss of CWD, although no trend is evident as a function of diameter classes within the FWD (Table 1) . The difference in the decay constants for the diameter classes of FWD probably indicate the error of estimation. These estimates may be low, since through time, only the more decay resistant pieces remain as the rapidly decaying wood pieces are thought to fragment and become incorporated into the forest floor. The overall rate of FWD density loss, calculated as the mean of k's across the diameter classes, was 0.080 year" 1 . The difference between mass loss and density loss of FWD is an indirect estimate of the fragmentation decay constant:
[1] it = 0.185-0.080 = 0.105 year" 1 Thus, while fragmentation losses of CWD during the first 6 years were minor, fragmentation losses of FWD were greater than density losses.
Carbon fluxes from wood debris
A seasonal trend of CO 2 efflux from the CWD surfaces was evident (Fig. 4) . This suggests most CWD density loss, and thus CWD decomposition, occurs during the summer in contrast with findings of constant mass loss of litter bags throughout an annual cycle (Fahey 1983 ). The efflux rates varied from 0.7 to 3.0g C-m" 2 -day" 1 over a year; the average annual efflux was 2715kg C-ha" 1 -year" 1 . This efflux estimate was compared with the efflux expected from wood-density losses. Assuming 50% carbon content and an instantaneous decay constant of The semiannual mean (SD, n) net concentration of organic carbon in log leachate was 75.8 (40.3, 6) mg C/L. No species trend with respect to carbon concentration was evident; a trend of decreasing concentration of 180 to 56 mg C/L was apparent from July through November. The mean concentration, when multiplied by the depth of log leachate and the projected surface area of CWD, produced a carbon flux of 147 kg C • ha~' • year" l . This flux is similar to the 120 kg C • ha~l • year" 1 flux estimated for lodgepole pine ecosystems (Yavitt and Fahey 1985) . Using 147,1966, and the difference (1819kg C-ha" 1 -year" 1 ) as estimates of solution, total density, and CO 2 losses, respectively, a ratio of gaseous to solution carbon fluxes from CWD is estimated as approximately 12:1 for years 6 and 7. The ratio is 18:1 if the measured CO 2 efflux of 2715 kg C • ha~1 • year" l is used. In either case, CO 2 effluxes appear to be the dominant process in wood density losses.
Factors affecting wood density loss Species factor
Of the decay factors assessed in this study, species accounted for most of the variation in wood-density loss. A one-way ANOVA on square root transformed fc's indicated a highly significant species effect (F = 8.51; ms error = 0.00476; df = 16,69; p = 0.0001), as did an ANOVA on untransformed k's (F = 6.78; ms error = 0.00192; df = 16,69; p = 0.0001). The range of k's by species varied by more than 10-fold; however, many of the species were not significantly different from each other when multiple comparisons were made by the relatively conservative Bonferroni's test. More groups appeared when decay was expressed as a percent loss of density ( Table 2 ). Assuming that the species differences are real, and failure to demonstrate it is due to sampling and the statistics employed, classifying k by the 17 species explains 61% of the variation.
Four different patterns of wood density loss, each with a characteristic decay rate, were observed among the 17 species: (0 a slow, negative-exponential decay, (ii) a rapid, negativeexponential decay, (Hi) a slow then rapid decay, and (iv) a rapid then slow decay (Fig. 5) . Deviations from the single-exponent loss model may be due to small sample sizes and the use of different methods to estimate density at each year. However, deviations may also be true characteristics of some of the species, as deviations from the single-exponent loss model based on variation in decay resistance owing to diameter (Yoneda 1985) and the colonization and substrate qualities (Harmon et al. 1986 ) have been postulated.
Nonspecies factors
The nonspecies factors that explained the greatest variation in wood density loss were (i) plot aspect, (ii) presence of fungi, and (Hi) contact with ground (Table 3 ). The rate of CWD density loss was 40% higher in plots of aspect <210° compared with plots with aspects >210°, 40% higher in portions of CWD on the ground compared with aerial portions, and 100% higher in CWD that had observable fungi compared with CWD that lacked observable fungi.
Plot elevation did not show any relation with respect to density loss. Although insects and roots were associated with slightly higher density loss rates, the differences were not significant. Percent of log on ground showed only a weak positive relationship with the rate of wood-density loss (r 2 = 0.05). The effects of log diameter, length, volume, initial mass, and percent bark remaining showed no significant relationships with density loss when examined via regression. No effect of diameter was observed when examined within the species groupings ofKalmia, Acer, or Q. coccinea, or even when these species were examined in groups by aerial or ground positions.
Contingency tables (Zar 1974) were used to test for relationships between important groupings to see if species differences might explain the observed differences owing to ground, fungi, or aspect. No significant relationships were found between the measures of frequency on ground and frequency of fungi (p = 0.52), the measures of frequency on ground and aspect (p = 0.13), or the measures of frequency of fungi and aspect (p = 0.71). No significant species differences with respect to frequency of samples from ground portions were found (p = 0.96). However, significant species differences existed with respect to frequency of fungi (x 2 = 19.90, df = 6, p = 0.004). Species differences in frequency of fungi were due to low frequency of fungi on Kalmia. No significant differences existed among the other species (p = 0.15). Four species with particularly slow rates of density loss, Robinia, Oxydendrum, Kalmia, and Pinus, were all found with low frequencies on *Nomenclature follows Little (1979) . plots of aspect <210°. Therefore the higher rates of density loss associated with plots with aspects <210° may in part be explained by species effects.
Discussion
Decomposition rates
The CWD density loss (0.077 year"" 1 ) and mass loss (0.083 year" 1 ) rates, when compared with wood decomposition rates reported in other studies in the U. S. A., are similar to those in the southeast (Toole 1965; Harmon 1982; Barber and Van Lear 1984) and are generally higher than those of other regions (cf. Harmon et al. 1986 ). We calculated decomposition rates (year" 1 ) of 0.099 from Toole's (1965) data of large (>10cm diameter) slash disappearance in Mississippi and a mean of 0.088 from Harmon's (1982) reported fc's for density loss from the Great Smoky Mountains National Park in North Carolina. Decomposition rates typically less than 0.015 are reported for large diameter CWD of the Pacific Northwest (cf. Harmon et al. 1986 ) and less than 0.040 for smaller diameter CWD (Sollins 1982; Ericksonetal. 1985) . Decomposition rates of CWD in the northeast U.S.A. are 0.030 for subalpine coniferous forests (Foster and Lang 1982) and 0.067 for disappearance of total (>3 cm diameter) logging slash in hardwood forests (Tritton 1980) . Our corresponding total (>lcm diameter) slash disappearance rate was 0.108 (see below). These higher wood decomposition rates hi the southeast agree with Meentemeyer's (1984) predicted trend for weight loss of litter as a function of actual evapotranspiration. This suggests that large-scale and continuous variation exists spatially in wood decomposition rates.
The mass-loss rate of FWD (0.185 year" 1 ) is more than twofold higher than that of CWD, while density-loss rates were only slightly higher in FWD (0.080 year" 1 ). This suggests that fragmentation rates are diameter dependent but density-loss rates are not and that higher mass-loss rates of FWD are due to higher rates of fragmentation.
Since there appears to be higher variation between FWD studies, it is probably not as reasonable to make regional comparisons of FWD decomposition similar to those made for CWD. Even at Coweeta, considerable variation exists in reported FWD decomposition rates. Mass loss of Quercus prinus branches on the forest floor of WS 7 during year 1 varied between 0.038 and 0.175 year" 1 (Abbbott and Crossley 1982), while branch turnover (inputs/standing stock) on the forest floor of an uncut watershed was estimated to be 0.375 year" 1 (Cromack 1973) . Some variation is certainly due to use of differing methods; however, species effects and site conditions may also be important. Only at a broad level does it appear that FWD decomposition may be more rapid in the eastern U.S.A. (Toole 1965; Cromack 1973; Tritton 1980; Abbott and Crossley 1982;  this study) than the Pacific Northwest (Fogel and Cromack 1977; Erickson et al. 1985) .
Ecosystem implications of wood decomposition
Total (coarse + fine) woody debris mass has been reduced from 121.5Mg/ha in year 0 to 96.2Mg/ha in year 1 and to 60.8Mg/ha by approximately year 6 (Fig. 6) . The decomposition rate of total wood debris mass was 0.108 year" 1 (r 2 = 0.97). Estimated inputs to the forest floor included 5.7Mg/ha as bark, 11.2Mg/ha as fragmented FWD (assuming equal fragmentation and density losses), and 3.4Mg/ha as solution (assuming 12:1 gaseous to solution losses of density), for a total of 20.3Mg/ha. The remaining 40.4Mg/ha reduction was assumed to be CO 2 flux to the atmosphere, equivalent to an annual average of approximately 3300kg C/ha, assuming woody debris is 50% carbon. The relatively large flux from the woody debris to the forest floor implicates woody debris as an important source of organic matter for the forest floor and soil.
While woody debris inputs to the forest floor have been modeled (Aber et al. 1978) , few studies have documented the role woody debris may play in forest floor dynamics following clear-cutting. The large inputs of woody debris observed in this study are associated with a forest floor mass that is nearly double that of an uncut reference watershed or that of another watershed clear-cut with logging debris removed (Mattson 1986 ). However, woody debris inputs cannot yet be inferred as causal of forest floor mass increases for various reasons. First, comparisons of forest floor masses must be made with caution since differences could be due to methodological problems (Federer 1982) . Second, only 21% of the forest floor mass of WS 7 was composed of identifiable wood pieces; this was no different than the watershed where logging debris was removed. Third, increases in forest floor mass may also be due to postulated decreases in decomposition rates following clear-cutting (Whitford et al. 1981 ). These problems notwithstanding, woody debris as a potential source of organic matter supply to the forest floor exists and warrants further study.
Factors influencing wood density loss
Wood-density loss among individual logs was highly variable, ranging from -0.03 to 0.27 year" 1 . The species trend explained the largest amount of variation in wood-density loss. While density losses of many species were not statistically different from each other, the ordering of species decay rates observed in this study agrees with reported durabilities of wood by Hunt and Garratt (1938) and Farmer (1972) . Species density-loss rates for Castanea agree closely with the indirect estimate of 0.031 year" 1 by Mitchell et al. (1975 while the loss rate for Nyssa is slower and Carya and Cornus are faster than those reported by Harmon (1982) .
Higher density loss on slopes of aspect <210°, while confounded by species effects, may also be due to greater available moisture on these slopes. Moisture is positively correlated with wood decay rates at moisture contents typically observed in the field (<200% by weight, Yoneda 1980) . Aspect effects have been related to soil moisture (Spaulding 1929) . Spaulding and Hansbrough (1944) , who could not show an aspect effect, felt it was masked by confounding factors. Up to fourfold slower rates of FWD-mass loss were observed on xeric sites compared with mesic sites during the 1st year following clear-cutting on WS 7 (Abbott and Crossley 1982).
Higher density loss of CWD in contact with the ground or with observable fungi is not surprising. Higher rates of decay of wood on the ground have been reported by others (Barber and Van Lear 1984; Erickson et al. 1985) , and wood on the ground is typically associated with increased moisture and different fungal communities when compared with aerial wood pieces. Fungi are recognized as the chief organisms of wood decay and the presence of fruiting bodies is indicative of active hyphae. Presence of fungal colonization indicates higher wood-density losses. The means by which 31% of the CWD resisted fungal colonization is not known.
A substantially higher rate of mass loss in FWD is due mostly to its higher rate of fragmentation. Density loss of FWD is only slightly higher than CWD and no relationships of density loss with diameter were observed within FWD or CWD. No effect of diameter was found by Graham (1982) or Foster and Lang (1982) ; diameter effects have been proposed by Yoneda (1985) and a strong effect on fungal colonization was demonstrated by Aho and Cahill (1984) 'Wood/total volume ratio =1-6. tWood/total density ratio = (1 -be)/(\ -b).
